Abstract The purpose of the study was to determine whether isolated revision of the acetabular component can be successfully performed without disturbing the femoral stem and to determine the fate of the unrevised femoral stem following revision. Fifty-seven hips in 55 patients underwent isolated acetabular revision without removal of the femoral component. Thirty-three hips with minimal acetabular deficiency required no bone grafting; the remaining 24 hips were treated by morselized or structural allograft in addition to a new acetabular component. Twenty-two of these 24 hips demonstrated incorporation of the bone graft. A mean follow-up of 5.8 (5-9) years, all femoral and acetabular components were judged to be stable and well fixed.
Introduction
The major cause of failure in total hip arthroplasty is aseptic loosening, which requires revision. Although the pathophysiology of osteolysis is likely to be the same at acetabular and femoral component interfaces [23] , the mechanism of aseptic loosening is likely to be different in the femur and the acetabulum [12, 21] . It has been demonstrated that the rate of revision due to aseptic loosening of acetabular components is much higher than that of femoral components in cemented total hip arthroplasty [4, 22] . Cementless acetabular components have also shown a high rate of osteolysis and revision at 5 years or more after total hip replacement [1, 18] . As a result, the surgeon may be faced with a failed acetabular component but a well-fixed femoral component. Isolated loosening of the acetabular component has been reported to account for as many as 27% of all revision total hip arthroplasties performed [20] . Removal of a femoral component may provide extensive exposure to the acetabulum, but combined femoral and acetabular revision is associated with increased complication rate, surgical time, blood loss, and cost [3, 11] .
The purpose of this study was to determine whether revision of an isolated loose acetabular component without the removal of a well-fixed femoral stem can be successfully performed without compromising the final result. We also wished to determine the fate of unrevised femoral stems after revision of the acetabular component.
Materials and methods
From March 1995 to August 1999, 201 consecutive revision total hip arthroplasties were performed in 168 patients; 63 patients with 65 hips requiring revision of the acetabular component only were identified. Criteria for inclusion in the study were aseptic loosening of an uncemented or cemented acetabular component with a well-fixed femoral component. There were six patients lost to clinical follow-up; two patients died of causes unrelated to acetabular revision. The average time from revision of acetabular component to the latest follow-up examination was 5.8 (range 5-9) years in 55 patients (57 hips). The average time from primary total hip arthroplasty to revision of an acetabular component was 10 (range 1-18) years. The average duration of the femoral component service was 16 (range 6-25) years. The average age of the 55 patients at the time of index revision was 64 (range 29-92) years. There were 25 women and 30 men and 28 left hips and 29 right hips. The indication for acetabular revision was painful aseptic acetabular component loosening in 50 hips and dislocations in seven.
The diagnosis for the index operation was primary osteoarthritis in 29 hips, avascular necrosis in 13, congenital dislocation in six, rheumatoid arthritis in five, acute femoral-neck fracture in two, arthritis secondary to Paget's disease in one, and Legg-Perthes' disease in one.
Fifty-two revised acetabular components were cementless and five were cemented. The femoral components were extensively porous-coated uncemented stems (Lord, Howmedica, Rutherford, NJ, USA) in nine, proximal porouscoated uncemented stems (St. Michael's; Howmedica) in 42, cemented stems in four, and porous-coated anatomic (PCA) (Howmedica) stems in two. There were eight monolithic (monoblock) femoral components with a fixed head size and neck length, and a modular femoral head in 49. All uncemented femoral components were determined to be osteointegrated and stable before revision by the radiographic criteria described by Engh et al [8] . All cemented femoral components were noted to be well fixed and had no radiographic evidence of loosening, using the criteria of Harris and McCann [10] . Acetabular deficiencies were classified according to the system established by the American Academy of Orthopaedic Surgeons Committee [6] . There were 33 hips with minimal acetabular deficiency, one with a type I defect (segmental) 13 with a type II defect (cavitary), and ten with a type III defect (both segmental and cavitary). Bone grafting was performed in 26 hips: 24 of the 26 received a bone graft in the acetabulum, in which cementless hemispheric acetabular components were used. Morselized fresh-frozen allograft was used in nine. Combined structural and morselized fresh-frozen allografts were used in 11, and autogenous morselized bone harvested from the reamer was impacted into the dome of the acetabulum in four. Two proximal femurs with osteolytic lesions were debrided and grafted with bone from reaming of the acetabulum.
The posterior approach was used in all hips. If the femoral component was modular, the head was removed to enhance exposure. The femoral component with proximal femur was moved anteriorly and superiorly for adequate exposure of the acetabulum. Twenty acetabular components were revised to porous-coated cups, 26 were revised to hydroxyapatite (HA)-coated cups, two were revised to cemented cups, and an acetabular ring with cemented cup was used in nine. Clinical evaluations, including determination of leg-length discrepancy, function, range of motion, and the Harris hip score [9] , were performed at each followup examination. Routine anteroposterior radiographs of the pelvis and proximal aspect of the femur and lateral radiographs of the hip were made and reviewed before surgery, immediately after surgery, 3 and 6 months after surgery, and yearly thereafter. Definite acetabular loosening was defined as a change in the opening angle of the component of more than 3° [5] , linear change more than 2 mm in either the medial or the superior direction, or both [7] . For cementless femoral components, fixation was defined using the method of Engh et al. [8] . Definite loosening was indicated by subsidence greater than 5 mm.
Results
The average Harris hip and pain scores were 55 and 19 points, respectively, before the acetabular revision and 88 and 41 points, respectively, at the most recent follow-up examination. The average leg-length inequality was 7 (range 0-40) mm preoperatively and 4 (range 0-40) mm postoperatively. The mean outer diameter of the acetabular metal shell was 50 (range 42-58) mm before and 58 (range 52-72) mm after revision total hip arthroplasty.
No acetabular component had been re-revised for loosening at the latest follow-up. Isolated radiolucent lines were present in acetabular zone 1 in four hips, five had radiolucent lines in two zones, and one acetabular prosthesis had circumferential lucency. All radiolucencies were non-progressive, and radiolucent lines were 1 mm or less. Medial migration was present in three acetabular components and was less than 2 mm. Migration was nonprogressive after 1 year and appeared stable at the latest follow-up. Twenty-one of 24 hips with bone grafts demonstrated full incorporation. All primary femoral components were evaluated to be stable and well fixed at the latest follow-up. Of 57 stable femoral components, four were cemented and 53 were porous coated. At the latest evaluation, these femoral components had been followed up for an average of 16 (range 6-25) years since the time of implantation. None of them had circumferential radiolucent lines or any signs of subsidence. There were no potential or pending revisions in femoral components.
Loss of proximal femoral density [2, 13] was observed on the radiography of 37 hips. Rounding of the calcar femorale appeared in 35 hips. Two hips presented focal osteolysis in the proximal femur in Gruen zone 2 (one hip) and Gruen zone 7 (one hip); they were treated by debridement of the osteolytic lesion and morselized autograft from reaming of the acetabulum. Focal osteolysis in the proximal femur of two hips was judged to have disappeared by the latest follow-up.
There were no nerve palsies, vascular injuries, or intraoperative fractures. Three dislocations occurred postoperatively; two were managed by closed reduction. The third hip developed infection 4 months after re-revision of the acetabular component for recurrent dislocation and a Girdlestone excision was performed. The patient has mild pain in weight bearing and has refused a repeat revision.
Discussion
The decision to retain or remove a well-fixed femoral component for acetabular revision depends on the exposure of the acetabulum achieved at surgery. Several reports have described a technique in which a well-fixed cemented femoral component is removed and then reinserted into its cement mantle following acetabular revision [2, 17] . Only a cemented femoral component with minimal curvature and without a textured or precoated surface can be removed without destroying the cement mantle. There were only four hips with cemented femoral components in the current study. This technique is not applicable for cemented stems with a rough surface or pre-coating and cannot be used in stems stabilized by biological fixation, which accounted for 53 hips in this series.
The posterior approach was used in all revisions. The femoral head was removed in all hips with modular stems. Adequate exposure could be obtained when the proximal femur was retracted anteriorly and superiorly, and this was sufficient for reconstruction of the acetabulum with bone grafts or reinforcement ring. No nerve or vascular impairment appeared. The Harris hip score and pain score increased by 33 and 22 points, respectively, in the most recent follow-up. Thirty patients had a contralateral hip or knee problem that may compromise the final Harris hip scores. No pain or mild pain exited in the revised hip.
Although removal of a femoral component improves the exposure during acetabular revision, this may result in intraoperative femoral perforation or fracture, which has been reported to be as high as 23% [24] . Operation time and blood loss are higher when the femoral component is removed [3, 11] , so little benefit would have been gained by removing a well-fixed femoral component in this situation.
Bone deficiency existed in all acetabular revisions. If the bone defect is small, a larger acetabular component can be used to improve contact of socket surface to host bone. This can increase acetabular component stability and eliminate the potential failure of the bone graft. If a large bone defect exists, a larger acetabular component can decrease the amount of bone graft required. In this study, the mean outer diameter of the acetabular component was 50 (range 42-58) mm in the primary total hip arthroplasty, and it increased to 58 (range 52-72) mm in the acetabular revision. Of 57 acetabuli, 24 required bone grafts (nine morselized allografts, 11 both structural and morselized allografts, and four morselized autografts). Twenty-one of 24 hips demonstrated incorporation of the bone grafts at follow-up. Revision acetabuloplasty using a cementless hemispheric acetabular component with bone grafting has had good mid-to long-term results [14, 19] . The results of this study compared favourably with these reports. No loosening was observed during an average time of 5.8 years of follow-up. Although radiolucencies existed in ten hips, they were less than 2 mm wide and were non-progressive. No acetabular component was re-revised for loosening.
In this series, femoral components had been in place for 1-18 years prior to acetabular revision. Femoral components have remained well fixed for an additional 5-9 years. The average duration of service of the femoral component was 16 (range 6-25) years. Radiographic findings demonstrated evidence of proximal stress shielding, which occurred in 37/57 hips. All the porous-coated (both proximal-and extensive-coated) and cemented femoral components presented as well fixed and stable. No evidence of circumferential radiolucent lines or sign of subsidence was observed after acetabular revision at the most recent follow-up. The results in this series were in accord with those reported in other studies [15, 16, 20] .
The current study thus shows satisfactory outcome: no recurrent loosening occurred in revised acetabular components, all femoral components were stable, dislocation rate was acceptable, and the complication rate was low. We recommend that this technique be used in case of a loose cup with a solid stem.
